In this work, we have performed the theoretical calculations of the absorbance of spherical silver nanoparticles dispersed in deionized water and in n-propanol, computed from a summation of the Mie series for different particle radius in the range from 1 to 17 nm. In both solvents, the maximum absorbance increases and the bandwidth at half-maximum absorption and number of particles decrease. Maximum absorbance of silver nanoparticles is higher in n-propanol than in deionized water. These results are due to high refractive index of n-propanol.
INTRODUCTION
In recent years, with advances in nanofabrication technology, a great deal of experimental interest has been devoted to study metal nanoparticles. Gold, silver, iron and cobalt nanoparticles have a significant role in science and technology (Ling and KeFu, 2007; Fan et al., 2009; Ashkarran,et al 2009; Siwach and Sen, 2008) . Nanoparticles show great potential in material science, physics and chemistry fields (Zhang and Mou, 2001) . Since, the carbon nanotubes (Ijima, 1991) and nanoballs (Kroto et al., 1985) were discovered for the first time, researchers have been increasingly studying new nanoparticles and nanostructures (Aliabad et al., 2012) .
Nanoparticles have been studied intensively in the last decade, because of their unique physical properties, like magnetic, electric, optical and mechanical properties that are different from bulk materials (Hwang et al., 2000; Narayanan and El-Sayed, 2003; Bjerneld et al., 2003) . Among nanoparticles, metal nanoparticles have become an important target for modern chemistry, physics, technology and bio-engineering. Fabrication and characterization of silver nanoparticles has attracted considerable attention as a result of their significant applications in the fundamental sciences and *Corresponding author. E-mail: bijanzadehalireza@yahoo.com.
nano-technology.
The optical properties of silver nanoparticles have been extensively investigated by ultraviolet-visible (UV/VIS) spectroscopy technique (Grijalva et al., 2005; Liu et al., 2003; Wilcoxon et al., 2001; Cai et al., 2001 ), because of their potential application in opto-electronics (Hughes and Jain, 1979; Kreibig and Vollmer, 1995) .
It can be noted that the silver nanoparticles exhibit an intense absorption band in UV/VIS region. Their UV/VIS spectrum, known as the surface plasmon absorption band, is produced by the movement of the conduction electrons in the particles as a consequence of the incident electric field light, which results in a displacement of the negative and positive charges in the metal. The surface plasmon absorption band properties of silver nanoparticles depend on their size, shape, surrounding medium, coupling of the colloids and adsorbed solutes.
So far, some researchers obtained experimental information concerning the interpretation of the absorption spectra for ionic silver clusters (Linnert et al., 1990; Gutierrez and Henglein, 1993; Janata et al., 1994; Ershov et al., 1993) . For example, Mulvaney (1996) indicated that many of the optical properties of silver nanoparticles are reasonably well understood, but there are discrepancies between the properties of these colloids prepared in water and other matrices. Mie (1908) developed the theory of absorption and scattering of light by spherical nanoparticles. Calculations of absorption spectra of metallic nanoparticles are presented as the extinction cross-section or extinction efficiency of a single nanoparticle (Kreibig and Vollmer, 1995; Mulvaney, 1996; Creighton and Eadon, 1991) , but for interpretation of experimental UV/VIS results, it is more useful to know the absorption spectra themselves. We know that the peak position, maximum absorbance and bandwidth at half-maximum absorption are the fundamental characteristics of the surface plasmon absorption band. The knowledge of the effect that the particle size and surrounding medium have none of these characteristics is needed for understanding the optical properties of metallic colloidal systems.
Transmission electron microscopy is used to know both the shape and size of nanoparticles, and when this information is combined with the theoretical-experimental surface plasmon absorption band, it is possible to characterize some interfacial phenomena and to delineate particle growth processes. In the present work, the surface plasmon absorption band of silver nanoparticles was computed using a full summation of the Mie series for the extinction cross section of spherical silver particles in the range of radius from 1 to 17 nm.
THEORY AND MODEL
As we know, nanoscale materials are offering new opportunities to photonics, because of their enhanced linear and nonlinear optical properties and because of the ability to convert light into other forms of energy, as surface plasmons excitations. For these reasons, silver nanoparticles are key materials in nanophotonics (Amendola, 2008) .
Collective oscillation of conduction electrons in metals are known as plasmons. According to the Fermi liquid model, plasmons can be satisfactorily described as a negatively charged electron cloud displaced from its equilibrium position around a lattice made of positively charged ions, in analogy to real plasma.
Several models are used to describe the surface plasmon absorption (SPA). One of the models is the Mie theory. In the last 99 years, Mie theory has been successfully applied to the calculation of noble metal nanoparticles extinction cross section. Gustav Mie solved the problem of light diffraction by a single sphere using classic electrodynamics. In Mie theory, there are three cross sections as (Mie, 1908) : The complete mathematical basis has already been published in Bohren and Huffman (1998) . When a beam of light irradiates a metallic nanoparticle, the oscillating electric field causes a collective excitation of the conduction electrons. The displacement of the electrons against the immobile positive charges leads to the polarization of the nanoparticle. Absorption and scattering of light by the particle depend on its chemical composition, size, shape, surrounding dielectric medium, coupling of colloids and adsorbed solutes.
In metal spheres, excitations due to photons electric field are plasmons-polaritons, while those due to photons magnetic field are electric currents. The UV/Vis absorption spectrum of N identical metal nanoparticles for unit volume can be determined by the extinction cross section. In the case of spherical silver nanoparticles separated by a long distance, with clean surfaces and considering that they have silver's bulk density, their absorbance can be obtained with the following relation:
where r is the particle radius, l is the optical path length in nm, of the dielectric function of the particle is affected, and become size-dependent. Using the size effect and based on the Drude model, the size-dependent dielectric functions may be calculated with (Kreibig and Vollmer, 1995) : Bijanzadeh et al. 1945 frequency and the bulk metal damping constant, respectively.
Suppose the metal particle damping constant r  , which is the inverse of the collision time for conduction electrons, is increased because of additional collisions with the boundary of the particle, r  can be obtained by:
where f v is the electron velocity at Fermi level and B is the theory-dependent quantity of order 1. Using the Maxwell theory and the isotropic scattering, we can apply a value of 1 for B (Kreibig and Vollmer, 1995) . One can obtain the surface plasmon absorption of silver nanoparticles by using Equations 1 to 7. In the following, we briefly present numerical procedure to obtain our results. 1) We consider different particle radius, between 1 and 17 nm.
2) Using the bulk metal damping constant ( 3) For a given light frequency (or light wavelength), we can calculate the size-dependent dielectric functions using Equations 7 and 8. In the equations, the value of the plasmon frequency for silver is 
RESULTS AND DISCUSSION
The surface plasmon absorption spectra of silver nanoparticles in deionized water and n-propanol are as shown in Figures 1 and 2 . The results have been obtained for different particle sizes, between 1 and 17 nm, and a silver concentration of 10 -6 g/cm 3 . As seen from the figures, that the silver nanoparticles give a strong surface plasmon band in the visible region, centered at wavelengths between 395 and 425 nm, and that the maximum absorption is higher in n-propanol than in deionized water. It can noted that our results are in agreement with previous theoretical calculations (Grijalva et al., 2005) . Grijalva et al. (2005) calculated the surface plasmon absorption band for silver nanoparticles suspended in water and ethylene glycol with a silver concentration of 10 -5 g/cm 3
. They obtained a strong surface plasmon absorption in the visible region, centered at wavelengths between 395 and 445 nm, for different particle sizes between 3 and 80 nm. In other previous works (Cai et al., 2001; Liu et al., 2003; Wilcoxon et al., 2001) , we found the experimental data for the optical absorption spectra of silver nanoparticles. The experimental results showed that the absorption spectra were centered at wavelengths from 395 to 510 Figure 2 . surface plasmon absorption band of silver nanoparticles as a function of wavelength  in n-propanol for several particle sizes, nm. The absorption spectra around 510 nm has been observed for the silver sol with different transition metal cations like Cd 2+ , Cr 3+ , Cu 2+ and Zn 2+ . The maximum absorbance of these bands increases as the particle radius increases. The absorption bands presented in Figures 1 and 2 can be explained if one considers Equation 1, which can also be written as: Figure 3 shows the bandwidth of the surface plasmon band of silver at half-maximum absorption as a function of particle radius ( r ). It is obvious from the figure that the bandwidth decreases when the particle radius increases. It can also be seen that the bandwidth also depends on the solvent (water or n-propanol). Similar calculations have been performed for silver nanoparticles with different sizes between 3 and 80 nm suspended in water and ethylene glycol (Grijalva et al., 2005) . It can be seen from the figure that our results are in agreement with previous work (Grijalva et al., 2005) . Figure 4 displays the number of particles per m 3 as a function of particle radius for deionized water and npropanol. It was observed that the number of particles decrease as the particle radius increases from 1 to 20 nm. The decrease of particle numbers for water is from 2.5  10 20 to 4.0  10
17
. This decrease for n-propanol is from 2.6  10 20 to 6.0  10 17 . We note that for the used particle concentrations, the separation between particles is approximately 50 and 60 times the particle diameter. This value is about 4 and 7 times higher than the value reported by Creighton and Eadon (1991) . They reported their results for metallic nanoparticles, in general, without specifying the type of metal. Our results are fairly in agreement with the obtained results for the silver n-propanol Deionized water Figure 4 . Number of silver nanoparticles as a function of particle radius in deionized water and n-propanol. nanoparticles suspended in ethylene glycol (Grijalva et al., 2005) .
To check the applicability of Equation 1 for explaining the experimental UV/VIS spectra of silver dispersion, we recently produced the silver nanoparticles by spark method in deionized water and n-propanol and obtained the nanoparticles with an average diameter of 4 nm. The results for the silver nanoparticles in deionized water have been reported in the work of Khordad et al. (2012) . Figure 5 shows the absorbance of silver nanoparticles as a function of wavelength. It can be seen that the experimental and theoretical results have differences. This difference is due to the used equations and errors in the theoretical calculations. For example, Equation 1 is valid only when the nanoparticles dispersion is sufficiently dilute.
Conclusion
In the present paper, we tried to study the surface plasmon absorption band for silver nanoparticles suspended in deionized water and n-propanol. For this purpose, we first used a theoretical procedure based on a summation of the Mie series. Then, we calculated this series for different nanoparticle sizes between 1 and 17 nm. We applied two different solvents, deionized water and n-propanol, in our theoretical calculations. According to the results, it was deduced that: (1) the maximum absorbance increases when the particle sizes increase Bijanzadeh et al. 1947 Figure 5. Experimental UV/VIS spectra of silver nanoparticles with an average size of 4 nm, dissolved in deionized water and npropanol.
for both solvents, (2) by increasing the particle size, the bandwidth at half-maximum absorption and number of particles decrease for both solvents, (3) the results obtained for n-propanol (maximum absorbance, the bandwidth at half-maximum absorption and number of particles) are higher than the deionized water. These differences are due to high refractive index of n-propanol.
